Abstract-In this paper, the extended division algorithm for polynomial matrices will be revised. The revised version of algorithm does not depend on the controllability canonical realization of the transfer function matrix, which will be obtained from a given polynomial matrix pair. Using the new version, a calculation of stabilizing controllers corresponding to the design in state space will be presented.
I. Introduction A division algorithm for polynomial matrices was originally proposed by Wolovich (1984) as a method to calculate the polynomial matrix pair (Q(s), R(s)) for given polynomial matrices P (s) and D(s) such that
P (s) = Q(s)D(s) + R(s), R(s)D −1 (s) is strictly proper (1)
Since the algorithm can be carry out using state space representation of D −1 (s), it is preferable for computer calculation. Kase (1999) was extended the algorithm to the case where a state space representation of N (s)D −1 (s) was available, i.e., a method to calculate the polynomial matrix pair (Q(s), R(s)) for given polynomial matrices P (s), D(s) and N (s) such that
P (s)N (s) = Q(s)D(s) + R(s), R(s)D
−1 (s) is strictly proper,
and then solutions of some polynomial matrix equations were presented. Although the both algorithms are useful for calculations of polynomial matrices, they hardly depend on the controllability canonical realization of D −1 (s) (or N (s)D −1 (s)). This is an essential constraint for these algorithms. Even if a state space representation (A, B, C) is given, these algorithms cannot be used. In this paper, it will be removed this restriction.
An application to the above result will be shown in the calculation of stabilizing controllers. The degree of controller by polynomial matrix approach does not match the result in state space. In order to derive the equivalent controller, the author presented a special construction of Diophantine equation. However, the method includes some complex calculations. In this paper, a simple design of stabilizing controller based on polynomial matrix approach will be developed using a revised version of the extended division algorithm.
Notations
II. Revision of Extended Division Algorithm
A revised version of the extended division algorithm for polynomial matrices will be given as follow: 
where
(Proof). Since
the results can be obtained by direct product of P (s) and
2 It should be noted that the results of the above Lemma does not depend on any special form of (A, B, C) unlike the previous one, which depends on the controllability canonical form. By using the above Lemma, it is easy to obtain the left (coprime) fractional description of 
, and ν i are observability Indies for (C, A). Let f and ν denote the maximum value of f i and ν i , respectively. Define Λ and U by
whereD is given byD
The explicit form R(s) is given by the following Corollary:
where D is a full rank matrix which satisfies the following equation
(Proof). Right multiplying D(s) to eqn. (5), it can be obtained that
+negative powers' terms}D.
Since R(s) does not have any negative powers' terms, it is given by eqn.(11). 2 Especially, if the triplet (A, B, C) is in the controllability canonical form, then
holds, where
this is the result of the previous version [2] .
III. Application to Stabilizing Controller Design
A. Problem Statement Consider the stabilizing problem of closed-loop systems shown in Figure 1 [6] , [7] , where 
then the stabilizing problem can be solved. In this section, it will be considered the above type Diophantine equation.
Note that H(s) is calculated based on the information of the polynomial matrixH(s), which will be introduced below. 
The above relation is known as Bezout identity [5] . Using these polynomial matrices, all solution of the Diophantine equation (13) are given by Step 1CalculateD(s),Ñ (s), X(s) and Y (s) satisfying eqns. (9) and (14), and defineH(s) to be satisfied B1 and B3.
Step 3CalculateQ(s),R(s) ∈ R m×p [s] satisfying
Step 4Calculate H(s) andQ(s) satisfying 
C. Calculation Procedure
In Theorem 1, four steps are necessary to obtain a stabilizing controller which corresponds to the design in state space. But it will be shown that some steps can be omitted by using the proposed result.
The main calculation in Theorem 1 is Step 3, and it is necessary to obtain Y (s) for this. Left-multiplying D * (s) to eqn. (14), it follows
Note that all solution matrices of the above equation respectively. In eqn. (22), the strictly proper part of both sides are equivalent. Thus, from Lemma 1, the following equality holds: 
s)H(s) − Z(s)H(s) −Q(s).
Thus, the strictly proper part of
where (Ã,H,C, I p ) is the observability canonical realization ofD −1 (s)H(s), and
Thus,
whereÃH :=Ã −HC.
On the other hand, from eqn.(15)
Since H −1 (s)D c (s) is proper, it can be calculated as the proper part ofQ(s)H −1 (s)Ñ (s) ifQ(s) is known. From eqn.(24), it is given by the polynomial ma-
. That is, in order to calculate the strictly proper part ofQ(s)H −1 (s)Ñ (s), it can be considered that
Ip (s). Since the observability canonical realization of
is given by (ÃH ,B,C) , the strictly proper part of
Using eqn. (29),
Therefore,
From the above discussions, a procedure to obtain the controllers
Step 1Calculate left coprime factorizationD
Step 2Set the polynomial matrix D * (s) andH(s) which satisfy B1∼ B3. Then, define
Step 3The controllers are given by
or
whereF is given bỹ
where (·) − denote a generalized inverse. This is a simple enough result comparing to the result by Kase (1996) . Essential calculations are to derive a right and left coprime factorization, and the transformation of the feedback gain eqn.(36). The above procedure is not only useful for controller design, but also is interesting for linear system analysis, i.e., the transformation matrix from the controllability canonical form to the observability canonical form is given by {O ν−1 (C, A)} − O ν−1 (C,Ã).
IV. Example
Consider the following plant:
By Corollary1.2, coprime factor polynomial matrices are given by The observability matrices are given by i.e., Diophantine (Bezout in stable rational matrix) equation holds.
V. Conclusions
In this paper, a revised version of the extended division algorithm for polynomial matrices were developed. This version does not depend on any special form of state space representation, unlike the previous version. As an application of the algorithm, it was shown the design of the stabilizing controller which corresponded to the state space design. In this paper, it was only considered the full-order controller design. However, it will be also useful for reduced-order case, which is under studying.
